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Abstract

Current theories of reading comprehension have been based on the assumption
that éognitive patterns (achemata) are structural constructs, and credit for
the structural assumption is generally given to Bartlett (1932):. 1In. this
paper it is suggested that problems concerning the phenomenal nature of the.
patterning aspect of cognition may be more readily resolved at a functional
level. 1It is also argued that Bartlett perhaps ne#er neant hia schema
theory to be one about the structural aspect of cggnition. " The |
interpretation of his theofy as such is perhaps no more than an oversight on
the part of current cognitive scientists. An alternative view of schemata

as phenomenally transient functional patterns is presented.

3
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The Schema: A Structural or a Functional Pattern

Currently;ldoninant theories of comprehension and cognition-are schema ' v
theorigs, They All assign a central role in comprehension to high=level,
domain-specific cognitive structures variously referred ta as "f?qgea"l‘
(Minsky, 1975), "scripts" (Schank & Abelson, 1977),.“schenata" (Rumelhart &
Ortony, 1977; Rumeihart, 1978), or "micro/macro-structures” (Kintsch & §an'
Dijk, 1978). |

Indubitably, the notion of schema is a useful one. It not only refers
to elements and relations in the conceptual network (Ortony, 1978, p. 54),
but it also underscores the patterning aspect of cognition (Anderson, 1977).
Schemate further draw attention to the doﬁain-apecific nature of knowing. -
More spégifically. in contrast with traditipnal information processing
theories that emphasize processing; storage; retrieval, and utilization of
knowledge in general, schéma-based reseavch concentrate; predoninantly\on‘
knowledge of particular domains. ‘ -

- Domain apecificity is clearly a relevant 1asue; This 1is because
people’s cognition and comprehension seem to operate in terms of specific
domains and in specific situations. Experimental psychological work.based
on the notion of schema and related concepts has demonstrated that
comprehension of the same textual material varies from one specific doma.n -
of knowing (one schema) to another. It nakes a real difference whether or
not the subjects know that the passage they are about to read is, for

instance, about "washing clothes" (e.g., Bransford & Johnson, 1972), whether
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e they gnow vhat they are reading is gbout eating.in ; faucy restaurant as
opposed to shopping at a supermarket (e.g., Anderson, Spiro,,§ Ander;on.
1977), buying as opposed to burglarizing a home (e.g., Anderson & Pichert,
1978), breaking out of jail as opposed 0 wrestling (Anderson, Reynolds,
Séhallert, & Goetz, 1977), or finally, whether-they find out later that tﬁe
female character of the passage they have read is a lesbian as opposed to a
heterosexual (Snyder & Uranowitz, 19785- Furthermore, people become experts

M : in specific domains. -There are no such things as eiperts per se. Rﬁther,

‘there are expert tennis players, expert readers, expert problem solvers,
expért clinicians, and so forth. It is perhdps thiﬁ,realization which
renders the use of nonsense syllables as (domain-independent) experimental
material nonsensical. In short, if common denominators concerning cognitive
functioning in general are to be discovered, they ought to perhﬁp; be sought
where t?ey are actually operative, i.e., in terms of specialized domains of
knowing.

Thus, conceptually and essentially, a schema is a domain-specifiq
relational cluster. Be&bnd this, however, the concept of %chema remains,
theoretically, disturbingly vague. One reason for this 1s-thatcthe
metaphors cognitive scientists use (e.g., '"'link," "association,"
"connection," "pointer;" etc.) to:refer to the relations among schema
constituents are purely conceptual. The question of the phenomenal nature
of cognitive patterning has not as yet been addressed. 1In fact, given the
current state of the art, the problem of the phenomenal nature of schemata
remains a remote issue. The purpose of the present paper is to discuss how

cognitive patterning is phenomenally possible.

Q O
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The term phenomenal is meant to refer to the physical reality of
cggnitivi schemata and to the physical validity of the conéepts used in
theorizing about them. It is presumed and egphalizeg that the phenomenal
validity of cognitive patterns is as inevitab;e as it is.urgent.. That the
phenomenal vgl#dity of the concepts under investigation is a necessary
precondition for scientific discovery is evident;from many instances in the

A3

history of science. True, the concept of light bulb, for instance, must

_ have been a purely conceptual notion for some (short?).time before the light

bulb was actually constructed. This is itself perhaps a necessary
precondition. But the usefulness of conceptual.metaphprs is contingent on
the scientist’s firm belief in their phenomenal possibility as ugll as on
some "thinkable" basis for the belief. Purely conceptual metaphors with
mysterious phenomenal possibility or no phenomenal validity at all_aré
logical shuttles which only serve to delay the thought and investigationm.
It was Edison’s unshakable belief in the phenbmenal possibility of the light
bulb, and a more or less :lear notion about the nature of this possibility,
which led to its phenomenal reality, i.e., to the acgual construction of the
lighi bulb. Without this tinal step, the concept ;ould have been worth
nothing.

Early in this introduction I stated what I believe schemata are.
Before discussing che phenomenal nature of schemata, it. must be also

clarified what schemata are not. The following section is aimed at this

issue.

Sy
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ﬁ_\\n | | |
Unéxplaining ‘the Concept of Schema
e Schema as a Structural Cgﬁhg;ugt |
For many theorists who use it, the term Schema has come to be

synonymous with the word structure. The schema-is-a-structure assumption is

clearly evident in the cognitive scientific litérature’aqd needs no

elaboration.  What is perhaps not as obvious 1is what the term structure

(schema) 48 meant to represent. I will attempt ﬁo clarify this issue by
looking at the metaphors cognitive scientists often use to qualify or.
describe the notion of schema and by considering the contrast often wmade
between the terms Structure and process.

First, schemata are generally ciaimed to be pre-existing knowledge

structuréa stored in some location in the head. A schema is said Eo be a

collection of concepts and associative links together (e.g., Ortony, 1978,

pe 54) or "a cognitive template against which new inputs can be matched and

in terms of which they can be comprehen&e@ﬂ (Rumelhart & Ortony, 1977,

- pe 131). Furthermore, like any stored or storable entity, schemata are said

to be "searched," "found," "utilized," and "stored again." The following

excerpts from some often-cited sources in the literature of cognitive

science clearly illustrate this point:

. The reader brings a large repertoire of knowledge structuréa to the
understanding task « « . Rumelhart puts the matter very well when he

says, "the process of understanding a passage consists in finding a

schema which will account for it." (Schank & Abelson, 1977, p. 10)

C et e ———
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According to "schema theories" all knowledge is packaged into units.

1]

These units are the schemata., (Rumelhart1 1978, p. 3)

The entire memory_systém contains an enormous number of schemata and
memories. At any one time only a few of them are required and no
procedure of random search could possibly lead to their efficient’
-disco§ery. The search for likely candidate schemata must, therefore,
be somehow guided and if;mhst be sensitive to the context. ; .

(Rumelhart & Ortony, 1977, p. 128) .

The building block of:«the mqdel is the "State of Schema." The SOS is a
representation of the subset of the information hypothesized to be
stored 1n‘a schema (or a set of related schemata). (Spiro, ‘1977,

The above paragraphs clearly reflect a belief that schemata are
.relatively permanent structures (at least as permanent as the long-term
zemory), that they are brougﬁt to the comprehension situation somewhat
ready-made, and that they have a substantive nature (which is as yet ,//;"
unspecified) capable of being store&, searched, rétrieved, and so forth.
. One may also noté'the passive static character of these cognitive templates,
though some theorists might argue‘otherwise.
That the term structure refers to the relatively pquanent.
substantive, pre-exjstent, and static aspect of cognition is evident from

the fact that cognitive scientists often contrast it with the term process

(see, e.g., Bobrow & Norman, 1975; Collins & Loftus, 1975, pp. 411-413;
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Rumelhart & Ortony,. 1977, p. 100, pp. 127-128), which may be presumed to

. . ¢ . ’ ’
point to thc more transient and dynamic aspect of cognition. In this sense

the tgrmlpgocesa fal;e in 1he same category aa-the word ‘function.

. Ba;tlett.(1932). for instance, contrasts structure with functioft
instead of ﬁ;écess. ‘However, for Qaftle;t; it 1is live biologiqal structures
that function rather tﬁan object-like‘knobledg; Sr;qengal structures. He
fiﬁﬁs no necessity in appealing to mental stchtures in his account of

remembering. "Everything in this book," Bartlett states, "h&s-been'wtitten

:. froh the point of view of a study of the conditions of organic and mental

functions, rather than from that of an ahalysis of mental structure. It
Qas; however, the latter standpoint which developed the traditional
principles of association. The confusion of the two is responsible for very
much unnecessary difficulty in psychological discuasionf (p. 304). |

And indeed it is. The slight difference in terminology reflects a
fundamental difference in theoretical perspective. The term function as a
verb is intransitive. For Bartlett, live bioiogi:al structures act. They
do not.gggugggg some objecﬁ-like entity. His is not an industrial-plant
metaphor. This is why Bartlett caﬂrao away with the notion of storage

entirely (p. 200). On the contrary, the term process is transitive; it

_requires an object, i.e., some entity to get processed.

e Schema as an Explanatory Construct

while this pdper is centered around the idea that the patterning aspect

of cognition must be treated as a problem to be resolved, many theorists

have used the schema as an explanatory construct. Schemata are often said
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"to be "employed in the process of interpréting sensory data, (both
linguisti; and non-linguistic) in retrieving infornation from memory, in
"organizing actions.1¢n determining goals and sub goale. in allocating
resources and generally.in guiding.ihe flow of processing in the system"
(Rumelhart, 1978, p. 2). In short, "theorists ;ave teﬁdeq to regard
schemata as a panacea . o " (Ortony, 1978, p. 54). Since it 1s not clear

how the concept of sthema is capable of perfotming these "wondrous acts,'
RumelharL calls them, one feels compelled to suggest that the term achema
only be used to refer 6 the purely patterning aspect of cognition and even

thenas a ptoblem to be resolved. I repeat the question posed early in this

paper: Just how is patterning phenomenally possible?

The Strustural Assumption and the Problem of Patterning
' The Nature of the Problem

The idea that schemata are relatively permanent, pre-existing knowledge
structures (cognitive building blocks, cognitive templates, etc.) with
constant internal relationships becomes paradoxical when the problem of the
phenomenal nature of cognition is considered. This is because one can ’//’
assert with confidence that there is no single element in the entire
cognitive network which can be said to belong, or be uniquely connected to, -
one and only one schema. It is more likely that element E i8 a component of
scheﬁa A at one time and an element of B, C, or D at some other time. But
{f this is the case, in what sense can it be claimed that E is more an )
element of A than an element of B, C, or D? In other words, what does it

mean to say that elements of A form a. structural associative knowledge

cluster? 1



In order. to conceptualize the magnitude of the problem, consider the
\ - . . .

the metaphors often used to refer to knoﬁledgg networks.. "Encyclopedia,"

"dictionar&.'.or "thesaurus" are among the most common. Imagine, now, tge//"

-

extent of criss@r;asing of associations necessary to repré;ent in etfﬁcturql
network foém.an encyélopedia of everything a particular avérage college
student, for instance, might know. E&éu if such a representation were

possible, ajclearly questionable poesibility, it would constitute a static
- : 5

»

L]

cognitive network is a highly plastic, highly dynamic network; the relations
involved are constantly in a state of change. As Bartlett (1632)'atates,
"since many ‘schemata’ are built of common materials, the.imagesjgnd words
that mark some of th;ir salient features are in conétant, but eibli able,
change" (ps 214). Truely, the number of possible connections and
combinations (i.e., schemata) is 1ndefinitel& large. As-long as purely

conctptﬁgl metaphotrs such as "link," "association," "pointer," etc. are

used, the problem remains masked. At a phenomenal level a structural

-~ v

cognitive network seems impbssible to imagine, if not simply impossible.
It is because of the requirement of "éq::tant change" in the face of
constantly novel situationis that the idea of schemata as pre-existing

structures becomes paradoxical. As Anderson (1977) points out,

It could not be that people have stored a schema for every conceivable
scene, eveni,sequence, and message. « « « Even if the nominal stimuli
in two situations were the same, people change. They come to similar:

situat}Qns with different perspectives and different ihtentiohs; they
\

reb}esentation.' Hardly anyéne;-hOQEVeE: would doubt the idea that the human -~~~ - ---.
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play different roles. It follows that.people do not function by
selecting the right template from a great mental warehouse of templates
abstracted from prior experienve. The process must be more dynamic.

Neither can it be said that.a schema is a collection of independently

1inked coecepts. In an associative pattern, if the link with one'of.the.

_elemets is missing, the remaining fragﬁent may preserve the pertinent

.charee;eriﬁtics. It seems more reasohable to.assume thatia schema 1is a

gestalt. In this sense, ombine might be a better metaphor than link or

associate. The whole is more than the collection of its elements. - If  *

oxygen is taken out of water, the p:operty of "waterness" 18 lost, because

this property is not independently present in the components. Similarly, if,

an element of. a cognitive pattern is taken.out or replaced by another

7

element, the resulting combination gives rise to a different pattern with

1ts unique properties. "Openirig a door" is:not the same as "opening a
bottle," "opening one’s mouth," "opening a diacusgion;" or "opening a can of
worms" (see Anderson & Ortony, 1975; Goetz, Anderson, & Schallert, 1979).

If Wittgenstein is right, words like "open, " "'game," etc. do not depend on &

common underlying etructure whether it be called "a core meaning, "'a

schema," or something else.

The Relationship Between the Neuronal Network and the Cognitiye (Conceptual)

Ne twork

Sooner or later, theories of cognition will have to deal with the
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problem of the relationship between the neuronal network and the conceptual

" network. Hoveber, given the structural assumption and the overly

complicated.picture of the congeptual network it providgs; the issue seems
as renoﬁe as the related proslem of phenoﬁenal.nature of\patterning. This
is perhaps why some 1hgenious,attempté at building puychonéurdlogioal |
models, as made by Hebb (1949), have remained largely ignored:

Some cognitive écientiets, however, have demonstrated a_willingnege to
speak in neurdlogical terms. Collins and Loftus (1975), for instance,
consider their semantic network model .quasi-neurological (p. 411). This is
perhaps because they use neuronal terms such is "activation," "threshol{,”
and "summation" iﬁ the context of their strﬁctural conceptual network. A

cogent summarj of their model is given in the following paragraph from
® .

Ortony (1978).

In their recent modification anh improvement of the Quilliaﬁiki968)
network model’ of semantic memo;f. Collinp'and Loftus (1975) introduce
some,qdditional processing assumptions. 'fhe first is that when a
‘toncept 1is ptocehaed;activation spreads from it in a decreasing
gradient; the second is that release of activation from a concept
continues 3;,;east as long as that.cbncept is processed; and a third
relates to decreasé of activation over time. The fourth addition is
that activation from different sources summate and that there is a
threshold which determines whether or not an intefaection is found.

| Added to these are two additional structural features. First, that

semantic similarity plays a larger role in the organization of the

[ T
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network, and second that the names of concept, i.e., words, are stored

"in a lexical network, which is to some extent 1ndependentlyl"primable."

(p. 55)

Quasi-neurological semantic network wodels, therefore, speak of
activation spreading in a structural conceptual network. However, it is
possible that cognition can be characterized without the need to hypotheaize_
such aasociationiatiq networks. As Battlett (1932) suggests, this would
alao eliminate a great deal of "unnecessary difficulty in psychological
discussion" (p. 304). Vhatever the case may be, the relationship between
the neutonal and the conceptual networks must be theoretically clarified

before neurologigal concepts can be used in the psychological domain.

Toward'a Solution to the Problem of the

Phenomenal Nature of Cognitive Patterning
J

The Schema,g_ a Functional Conatruct

Underlying cognitive patterns, according to the structural assumption
discuosed above, are relatively permanent, £ra?e-like, knowledge structures
with constant interral connections. Counter-:ntuitive as it may at first
seem, it is entirely conceivable, however, that, phenqmenally. the
patterning aspect of cognition 1is a functional rather than a structural
organization. The question of the.phenomenal nature of cognitive clusters
may be posed in the following manner: Given schemata A and B which share
elements (e.g.,.the‘achema for "auper-market" and the schema for

"restaurant”), is it the case that when A is in a state of functioning

(activation) B is also preserved (stored?) in some intact structural form?

14
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A structural assumption, it seems; is committed to a positi&e aﬁswer to
the above.question. In fact, schema theorists assert that even in cases
wvhere the same generic schemata are used in comprehension of a particular
passage, that is, in schema-theoretic terms, an instantiated copy of them is
constructed, "what gets stored in memory is, in effect, a copy or partial -
copy of these instantiated schemata" (ﬁﬁmelhagt & Ortony, 1977, p. 116).

By contrast, 1f it is assumed ihat the frame-like aspect of cognition

is a functional phenomenon, the need does not arise for preservation of
m;ltiple copies. Furtbermore, tﬁere will be no need fOf hypotheéizing an
independent frame-like structure corresponding to eachrand every independent
functional pattern; The foliowing section is intended to elaborate on these

ideas.

An Analogy

In order to clarify the functional-structural@distinction, I will use
what I will hereafter refer to as the light-constellation analogy. The
problem is how to conceptualize’a phehomenally possible system which would
generate functional patterns not necessarily based on independent frame-like
?3tructural entities. Imagine a room containing a few hundred ligpts, each
having a different shade of color. Now in this simple constellation, every
time a subset of the lights goes on, it generates a unique but pﬁenomenally=
transient functional pattern. Here phenomenal means some not-purely-

conceptual entity such as physical energy; transient means when the lights

go off the pattern no longer exists in its frame-like form; and functional

means some kind of apparatus functions and this leads to some product
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(light). Now.-when a given'clé;ter|of lights géés off, some of itsy
component lights can participate in some other clu?ter to generate another
uniqﬁe pattern. Thus, between two patterns that share q}ementh, when one "i8
functional Lhe other is non-existent and vice versa.

If, on the ot?er hand, one assumes that the cluster-like charactetistic
of the system is structurally-based, the only vayathat the system could be
pheﬁomenaliy éossible would be by constructing a new light cluster for each
new observed pattern. This would mean, of course, that multiple cobies of
the same structural entities (iights) would be required which would, 'in
turn, require storage and working space accommodation for an infinite number
of structural patterns. ’

The light-constellation analogy is deceptively simple. Even at the
elementary level butlined above, it has tremendous explanatory powere.

First, it clearly illusgrates how én infinite number of uﬁique functional
patterns could be generated.based on a limited number of structural
elements. Secondly,'there is no need for an independent storage mechanism.
Thirdly, for each functional pattern, the unique functional characieri#£ic
of the whole is clearly greater than (or rather different from) that of tﬁe
individual component parts: the shade of color generated by a given subset
cluster will be different f!:m that generated by individual lights. And,
most importantly, there will be no need for an independent stfuctural
pattern corresponding to each.distinguishable functional pattern.

However, a functfonal assumption need not implyithat there is
necessarily no indeperdent structural basis underlying a given functional

12
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pattern. All it aiys. I teitefﬁte. is tﬁat thereiis no independent frame-
like struétutal entity corresponding to each distinguishuble éoghitivé' t
pattern. It is conceivable, for instance, that for'a given cluster, a
single element would be stiucturally ayailable to aigghl, when acttvated,.
functioning within the entire cluster. Inversely, a aiﬁgle element could
also be.atructurally available to function (get activated) in response to
the ‘functioning of a particular cluster...Such single elements could provide
one way for the system tao keep record of past £unctio;al patterns. For
instance, a single elemént specialized to respond to.a particular functional
pattern (A) could, in turn, signal activation of a second functional paﬁtern:
(B) generating, "Oh, yes! .This is old. I recognize it." And this could, in
principle, happen every time A got activated. |

L
.s
—

Cognition as a Functional Phenomenon

o

The structural-functional distinction may be further clarified by
considering two distinét meanings of the term cognition. The first meaning
could be represented by such terms as ''perceiving," "knowing,"

"understanding," ''remembering,"

and 8¢ on. - The second meaning would refer
to the products of such acts. The product of the act of knowing, for
instance, is knowledge. The £unctionai approach would be directly concerned
vith the first meaning: What sort of live biological elements (analogous to
the lights in our constellation apparatus) give rise to thesg acts? How do
the elements relate? What causes the initiation and cessation of

functioning in the elements (the turning on and the turning off of the

lights)? How, when, and why do new elements enter the scene? The



Structure or Function

16

functional ebﬁtoechielit;ee'fhef'pptternihg "is created” by the neuronal
elements functioning in unison. When funetiening of a set of elements
ceases or when the elements participate in some other pattern, the previoyg
pattern 1a no longer in existence; though it can, of course, be recreated.

In short, based on the functionul assumption, the cognitive (conceptual)

- network is a functional network and as such the network as a whole remains

an abatrection--only portions of it can be said to phenomenqely exist at
different times but never the network as a whole. |

The structural approach, on tife other hand.-ie'a product=-centered
approach. It raises a different gset of questions: How is know%edge
proceeeed,,retrieved, and stored? How is it organized? . And so }orth.

I used a light-constellation analogy to demonstrate how unique patterns
maf emerge. The analogy may be extended, for the sake of comparteon; to
encotipass the etructqrei assumption. What is needed is a camera to take a
picture of each unique pattetn'which is generated. Only then the need would
arise for a storehouse for the pictures; and only then one may speak of
searching, finding, retrieving and so on. . The organization of the pictures -
in the storehouse would then create a problem; end only then one might speak
of copies and originals or tokens and types.

The constellation analogy, without necessarily suggesting inherent
correspondence with the human cognitive system, demonstrates how a highly
generative phenomenal system is possible. It does this without necessarily
appealing to such independent conceptual constructs as "code," "memory,"

"storage," etc. (so reminiscent of faculty psychology) or "1ink," "token,"

13
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npointgr" "similarity," "compariaon,".etc. (vhich are deepfsea;ed remnants
-of associationism). I consider this a major advantage of the functional |
approach. Bartlett £1932) argued against both of these traditions and
pointed out that "the force of the rejéction of associatidgzsm'dependa
mainly upon the adoption of a functional point of view . . ." (pp. 307-308).

Bartlett also prophetically stated:

In various senses, therefore, associationism is likely to reﬁain,
though its outlook is foreign to the demands of qugrn psythologic;l
science. It tells u§ something about the characteristics of associated
details, when ;hgizare associated, but it explains pothing whatever of

the aétivity'of the conditions by which they are brought together.

(p. 308) L ' | | .

Bartlétt used the term "remembering" to emphasize the functional aspect
of the influence of the past on the preseqt.. Unfottunﬁiely, with few
exceptions (e.g., Bransford, McCarrell, Franks, & Nitsch, 1977}, Bartlett
has been generally misunderstood (see bélaw).p This is8 perhaps due to the
deep-seated influence of coﬁceptuél (as opposed to phenomenal) metaphors
such as the above (e.g., memory). It may still take many direct and
ingenious attacks like that of Bransford et al. to unexplain these metaphors
and many years before they are annihilated, roots and ail.

The fynctional approach, using the light constellation analogy;
provides an alternative concgptualization of the human céggitive capacities.
It demonstrates that a lot of these "faculties" are no more than different

aspects of the same mechanism.

-
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However;'tﬁe'application of thellidht-conateLlation analogy may Qt;ike
some teadefs ah'too mechanisfic to be meaningful with respect to the human
cognitive system. -Admittedly, this feeling is aomewha; juagifiéd.. CLearly,
metaphofs present both'd@airabl; and undesirable aspects. Therefore,
caution must be exercised in their use and interpretation. In the present .
_paper, Lh;'gnalogy vas introduced to allow a clpdéer conceptualization of
how "patterning' is possible as a functional phenomepép._ To tha extent that
'1t;haa~served'this purbose, the analogy has been aﬁccéaéful. I; must also
be noted,‘on‘the other hanq. that the metaphor can also safelyﬁbermit an
overall picture of tge.c;éﬁigi;e éyateﬁ-iu a most revealing fashion.
Whether or not it will develop into a mechanisﬁic persbective will.largely
depend on the details that will have to be filled in. We are told tﬁat the
"puﬁp" metaphor helped physiologists to :onceptualize thé fﬁnctioning of the
" blood circulation system. It can be seen now that the metaphor did not
reduce the latter, an amazingly flexible and complex system, to the status

of the former, a highly rigid mechanigtic apparatus.

Historical Ovérview

It is fashionable among current cognitive sclentists to credit Bartlett
(1932) for the notion of schema as a structural construct. The following
i1llustrative excerpts were chosen to reiterate what may be obvious to mahy

readers:

A central theme in work ogvthe kind referenced above is the postulation

of interacting knowledge structures which . . . we shall call

W'
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"gchemata." The term finds its way.ihto modern psychology from the
writings of Bartlett (1932) and it is to him that mbst-yotkera

acknowledge their debt (Rumelhart & Ortony, 1977,,p._100).

He (Bartlett] hypothesized that to-be-remembered (TBR) information is
assimilated into pre-existing holistic cognitive sﬁructures.(scheﬁaté)
in such a manner as to lose particular identity. (Spiro, 1975, p. 4;

italics added)

Building upon Bartlett’s (1932) original work . . . several story
grammars have 5een conatructed to describe the structural basis of
story uqderstanding. o « o« The theoretical.assumptiona of these
grammars specify that memory for stories 1is i constructive process,
resul ting from the interaction between incoming information and pre-
existing cognitive structures, or schemata, containing knowledge about
the generic characteristics of stories. (Stein & Nezworski, 1978,

Pe 2) o r

I believe it is worth considering just how representative of Bartlett’s

work Lhis current trend in cognitive science is. The following quotations

should provide a clue:

\\‘

Schemata are data structures for representing the generic concepts

stored in memory. (Rumelhart & Ortr , 1977, p. 101; italics added)
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what is stored, given that reconstruction must be based upon some
" stored information? Some details from discourse are specifically

stored. + « « ‘(Spiro, 1977, p. 157; italics added).

A

‘1 suspect that Bartlett would have greatly disliked to see such

metaphors as "stored," "memory," etc. used in reference to his theory. In
fact he washed his hands of them when he objected to Head’s (1920) use of

<

these concepts in tﬁe following fashion: B -

« ¢« « Head gives away far too muéh to earlier investigators when he
speaks of the cortex as a "storehouse of past(impressioﬁs." e oo A
storehouse 1is a place where things are put in the hope that they may be
fédnh again when they ar; wanted exactly as they were when firat stored
away. The schemata are, we are told, living, constantly developing,
éffected by every bit of incbming aens;tional exﬁerience of a given
“®xind. The storehouse notion is as far removed from this as it well

" could be. (pe 200)

My objection to conceptual metaphors of schema theorists may strike the
veader as an insignificant point. However, I agree with the suggestion
implied by Bransford et al. (1977) that the nature of conceptual metaphors
used is an issue of utmost imporfance in scientific exposition. A
scientist’s use of concepts represents the way she/he perceives the world.
It is the difference between "geeing' the apple fall and "seeiqg" the earth
attract'the apple. The first i8 a routine incident of no siﬁnificance- The

second is a scientific discovery. A scientist’s use of concepts could also,

o
S
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-« represent the degree of acéuracy he or she exercises in scientific
exboaitions.
..
What I would judge:to be inaccurate language and/or "faulty perspective

is also evident in the interpretation of Bartlett’s idea of schema

reconstruction. Here is an example from Spiro (1979):

« + « What has already been read is not remembered as it was originally
understood; rather, infererces about what must have transpired are made
erom what is known about later developments. A parallel may be drawn

' with the activities of & paleontolgg{pt who inferentially reconstructs
a dinosaur utilizing an aésortment o; bone fragments (bits of stories)
aqd knowledge about the anatomy and ﬁhysiology of‘bther dinosaurs
(prototypic knowl edge about the situations described in a given story).
See B#rtlett (1932) for further discussion of the reconstruction

notion. (p. 5)

Spiro’s concept of recoﬁetruction is much closer to the literal meaning
of the term than to Battlett>e notion of reconstruction. For Spiro, bone
fragments are needed because "reconstruction must be based on some stofed
information.” The light~constellation analogy showed that this is not
necessarily the case. Ele;nent;s patt':'icipating in reconstruction are active
in themselves. For Bartlett, reconsttuctidn begins with an attitude, a
momentary setting directed foward a schem@tic orientation. Bartlett states,
"As I have shown, to serve the nee@s of biological adaptation interests are
all sre while increasing in diversity, in narrowneee-and in definiteness.

. 23
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So our range of search, when we have to attempt recall, tends to get more
and more refined" (pp. 312-313). Thus, for Bartlett, reconstruction is a
live biological function. The notion of dead dinosaur "bone fragments" 1is

as far removed ftom~thia as it can be. In fact, Bartlett disliked the term

* _ schema fearing'that it might lead to the very same type of interpretation.

"‘He states:

« « « I strongly dislike the term "schema." It is at once too definite

and too sketchy. The word is already widely used in controversial
psychological writing to refer generally to any rather vaguely outlined
theory. It suggests some persistent, but fx;g.&méntgg_y_, ".ﬁ.‘.”.!:‘.‘;; of
arrangement,”" [italics added] and it does not indicate what is very
essential to the whole notion, that the orgtnized mass reaulto of past
~hanges of position and posture are actively doing [italics in
‘original] something all the ‘time; are so to speak, carried alohg with
us, complete, though developing, from moment to mtment. Yet it is
certainly very difficult to think of any better single descriptive word
" to cover the facts involved. It would probably be best to speak of
"active, developing patt;rne"; but the word "pattern,' too, being now
very widely and varioﬁei& employed, has its own difficulties. . . .

(pp. 200-201)

I suspect that what Bartlett actually meant by the term schema is what
has been called elsewhere (Note 1) the "schema-of-the-moment." The term

accurately denotes the transient functional aspect of cognitive clustering.

1]
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However, the word triﬁ]‘ent need not 1nd;;ate fieeting. momentary reactions
1solatad from the past and the future. On the contrary, the schema-of-the-
moment is ordinarily very stable. It kasts, as Bartlett puts it, as long as
it is acttvely.doing soﬁething. .It inherits the influence of ﬂphsi
functioning” en masse and cumulatively, the latter’ still being functional,:

and builds upon it from moment to moment.

Thus the distance between Bartlett’s concept of scheﬁﬁ_and thaé of the

| current cognitive scientist, is vast indeed. This became evident to ‘me

quite by chance when I began to draw excerﬁts from the literature bearing on
the notion of schemata as structural constructs for the purpose of citing in

this paper. Surprisingly, in a close reading of Bartlett’s discussion of

. the notion of schema (pp. 186-238, 301-313), I failed to locate a pafagtaph

which would confidently suggest that Bartlett meant schemata to be
structural constructs. On the contrary, I found plent§ of evidence
suggesting that Bartlett’s concept of schema may very well have been a

functional one. These paragraphs are cited as examples:

If Head is right, ''schemata" are built up chronologically. Every
incoming chs ge contributes its part to the total "scﬁgma" of the .
moment in the order in which it occurs. That is to say, when.ue have
movements a, b, ¢, d, in this order, our "plastic postursl model" of
ourselves at the moment d is made depends, not merely upon the
direction, extent and intensity of a, b, ¢, d, but\also upon the
chronological order in which they have occurred. Suppose, for the

moment, that a "model," to continue to use this picturesque
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phraseology, is compleged. and all that ia needed is its maintenance.

Since its nature is not that of a passive ftamework, or patchwork, but

- of am activity, 1t can be maintdined only if something is being done

all the time. So in order to maintain the "schema" as it is--though
this is rather inaccurate languaée--a. b; c, d mutt'contin&e to be

done, and must continue to be done in the same order. (p..203)

Al
?

There is, however, hn‘bbviéuq objection to all this. .So far ;s'the
"schema" is directly responsible for the Attitude, it looks as if thé.
latter must. itself be predominantly determineitby the last incoming
incident of the mass of past reactions. But remembering often pretends
to be of ;n 1nc1dent remotc 1n time, and that incident is not, as in '

the rote recapitulation me&hod. now rgconstructed by going through a

vhole chrunological series in ‘order. If "schemata" are to be

_ reconstructed after the fashion that seems to be demanded by the

phenomena of pecalll somehow we have to find a way of 1ndividualizihg‘
some of the chargcterietiéq of the total functibning mass of the

v

moment. (p. 208) ' ' N

It is important to note that Bartlett makes no pretense about knowing

how this functional mass of the moment comes about. More specifically,

unlike many current cognitive scientists who take the patterning aspect of

cognition for granted, Bartlett sees it as a problem to be solved. '"Again I
- §

wish I knew precisely," he points out, "how it is brought about and again I

can make only a few Lentative'sﬁiiistiona" (ps 209). And the latter are

along the foilowiﬂg lines:

2
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In the clearest and most definitely articulated caaea,'theielfirst

occurs the arousai of an attitu&e. an orientation, an interest. Then
specific detail, either in image or in direct word form, tends to, be
set up. Pinally there is a construction of other detail in.such a way

as to provide a rational, or satisfactory setting for the attitude.

(pp. 304=305) - - .

One possitle way to deacribe,mmetaphorically pf course, how the
cothruction'phenomenon may haﬁpen is to use the light-constellation
.terninology.v Then one can imagine that (under the influence of Bartlett's.
prerequisite orieftation arousal) some "lights" go on, some gain in
.brightnes;. some go off, agd still others gain in dimness. The final

., product is a more or less coherent mass of the moment.

Bartlett emphasizes, and here I adopt Anderson’s (1977) chemistry

analogy, that in addition to the composition aspect, there is yet a second

fundamental aspect, i.e., decomposition:
. .

‘ . \
4~ If any marked further advance is to be achieved, man must learn how to

resolve the "scheme" tnto elements and how to transcend the original
order of occurrence of these elements. This he does, for he learns how
to ytilize the constituents of his own "schemns," instead of being
determined to action by the."achgmea" themselves, functioniﬁg as

unbroken units. He finds how to "turn round his own schematae. « « .

-

(Bartlett, 1932, p. 301)

Structure or Function
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. The'"deconpoeition" aepect of Bartlett’s Lheory has not been
appreciated by re;earchere vho heve £ound the phrase "turniné r;und upon
one’s schema" unclear (e.g., Oldfield & Zangwill, 1942-1943). The problem,
we suspect, has arisen not because of some inherent vagueness in Bartlett 8

theory, but becauee of researchers’ failure to comprehend his functional

h)

- approach. In functional terms, since relations are "assumed to be

phenomenally transient, composition and decomposition become relatively
easier to conceﬁtualiie.

In order for the reader to get an intuitive feeling for the tybe of
functional reorganizetion‘&{?cussed above, I will present here a summary of
one of the passages which I have used.in my experiments concerning this
intriguing phenomenor. As the reader,goes through the summary, we suggest
she/he keep QLe light-constellation analogy in mind. True, at this level of
complexity the analogy is rather unrealistic and could be mieleading..
Nevertheless, I believe it does provide the intended general framework with
the reader filling in any necessary details her/himself.

The story, adopted £rom Thurmond (1978), is about a nurse, called
Marilyn, who leaves the hospital where she works &o go home after a late-
night shift. The hospital is presumably in the downtown of a large city.
vhen on the freeway, she notices that she is running out of gas and becomes
terrified. She remembers the recent surge in muggings, beatings, and so on
in the area. Finally, she decides to gb to Cabriel’s gas station for gas.

Gabriel ha;'aléays‘seemed té‘,l’&r to be a pleasant person and she knows him

by goiug Lo his station for gas.

»
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Gabriel fills the tank, returns the change from the twenty, and, as she
is ready to leave, he suddenly asks her to go inside the atatioh office with

o
him to see some birthday present he has recently received. Marilyn refuses,

but Cabriel insists. She finally agrees. She parks the car out of the way

at his request.in front of the office window and follows him inside the
office.

.Once inside, Gabriel quickly locks the @oor and éulls a gun out of the
draver. éhe becomes terrified and begins experiencing the symptoms of

shock. She sees Gabriel walking toward her. His lips are moving but she

. cannot hear. She cannot defend herself and she ylelds to the pressure of

Gafiel's hand on her shoulder forcing her to the floor. Gabriel is still
looking out of the window with the gun clutched in his hand.

Finally, she begins to hear what he is hayiné: "« ¢+ Sorry I had to
scare you iike that. I was scared myself when I saw that dude on the floor
in the back of }our car. « o« o" J

There are perh;pa many different ways to describe the.somewhat
instantaneous reshuffling involved in the comprehension of this etoéy. But,

I believe, the present functional approach presents the most straightforward

description. '

<

Summary and Conclusions
Many psychologists woﬁld agree that patterning is a fact of cognition.
But the phenomenal nature of patterning presents a difficult problem. This
is because, in order to avoid postulating multiple copies of the same

cognitive elements, ﬁatterns must share elements. As Bartlett ‘put {it:
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This complexity of "schematic" formulation means that many objects,
many stimuli, nan& reactions, get organized simultaneously into
different "schemes," so that when they recur, as, in the world we know
they are bound to do,tthey tend to set into activity various cross-

streana'of organizih} 1nf;uence. (p. 302)

But shariﬁg elements means breaking the relations in the pattern. Ome

way to- solve this problem, and it may be the only way, is to postulate

transient relations. And one type of transient relation, and again this may -

be the only tLype, is the functional relation of the sort described in this
paper. Those who agree with these statements would also note that

structural theories of cognition and comprehension are likely to run into
) _

unresolvahle problems of organizati&h when, and if, they come to deal with

the 1asue%of the phenqmcnﬁl nature of cognitive patterning.

Some }eaders may argue that we are still faraftom dealing with the
phenomenalénature of cognition and that there are more immediate problems to
b; resolveé and more sophisticated techniques to be developed. This type of

argument I;consider'procraetination in the face of a difficult problem

rather than scientific logic. Means develop in response to needs; and it is

unlikely that one gets closer to a problem by simply avoiding it.
Unforﬁunately much psych;logical theory and research has been based on

a great amount of tolerance for vagueness. At the risk of repetition, I

will present the following paragraph, part of which was quoted earlier. It

igs a clear but by no means an isolated eiample of vagueness:

-
ﬁ‘!‘r .
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For all of the authors mentioned .above', achemata truly are _g&_p_g_g_g_gg
blocks _g_g cognition (italics in original]. They are the £undanen£a1 ‘
elements upon which all information processing dgﬁends. Schemata are
employ.d in the process of interpreting sensory data, (both linguistic
and nonlinguistic) in retrieving information from ncmoty,'in-organizing
actions, in deterﬁiuing goals and sub goals, in allocating resources

‘"and generally in guiding the flow of processing in the aylﬁém.

Clearly, any device capable of all these wondrous things must be
powerful indeed. Moreover, since our understanding of none of these
tasks which schemata are supposed to carry out has reached maturity, it -
is little wonder that a definitive explication of schemata does not yet -

exist and that skeptics view theories based on them with some suspicion
[italics added). (Rumelhart, 1978, p. 2) |

The-toiéraﬁé;_éorrvagueﬁiaa characteristic of much psychological
literature is only partially justified by the difficulty of the problem.
One thing is certain: tolerance for vagueness is detrimental to progress.

I have argued that cognition is a functionﬁl phenomenon directly
created by the neuronal network. Based on this perspective, there 1is no
need to ﬁypothesize a structural organization other than the neuronal
organization, Does this mean thaf in order to learn about cognition, one
would have %o open‘the head and directly examine the neuronal organization?
Not necesaarily. Obviously, inferences concerning the neuronal network, its
organization, and how it funétions to create cognitive acts such as

perceiving, knowing, remembering, comprehending, thinking, and so on may be

31 X
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made based on oblervablh.producto of these functions (e.g., linguistic
perfornance).

Viewing cognition as a functional rather than a structural phenomenon
raisea.somefundlnental qu;otione. With respect to research on reading
coﬁprehenaion. for instance, at least two ipproaches are possible: (a)
concentratiné exclusiQely on the analysis of text which corresponds to the
functional organization based on the preeent'perspective or to the
structural gnowlédgé organization based on traditional cognitive scien;ific
view, and (b) aiﬁing at a‘:haracterization of a functionally explicit ‘
neuronal ayotgﬁ as a qtructural basis for cognitive functioning. Text
.grimmarians currently do the former. There are serious problems dith such

an approach. First, as we saw earlier, there is no limit on the possible

number of functional patterns. Secondly, even if common denominators were

to b;_féﬁﬂa:mé; one hopes thé&m;ould be, they may not map the
cbarécteriatics of the system which should be of ultimate concern.

\ .
Analyzing the features of the pictures a camera takes may never tell

anything about what the camera itself is like. Text and story 3rammarians

‘ need.to seriously consider these problems.

Id
L %
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